INTRODUCTION
In conventional seismic processing, input velocity model must be supplied by the processor. The velocity model and migration equations can be derived in terms of travel time, offset and local derivatives of travel time with respect to offset. The use of the first derivatives (local slopes) for imaging goes back to Rieber (1936) and Riabinkin (1991) . According to Casasanta and Fomel (2011) , the importance of local slopes, has been expressed in different papers by Sword (1987) , Lambaré et al. (2003) and Lambaré (2008) .
The idea of velocity independent migration using the local slownesses goes back to Kleyn (1977) , for zero offset migration, and to Ottolini (1983) , to migrate the horizontal layers. Fomel (2007) developed an analytical velocity-less approach to transform seismic data and local slopes to the image space for different time-domain imaging operators. The local slopes should be measured in both common-offset and common-midpoint domains in Fomel's method. Cooke et al. (2009) proposed an analogous velocity-less migration method in which it needs to have horizontal slownesses in both common-source and common-receiver domains. Bóna (2011) designed another pre-stack migration technique that does not need velocity model prior to imaging. In his technique, seismic data requires to be sorted in only one domain, common source domain. The first and second derivatives of two way travel times with respect to offset in source gather have been used in the technique to make the velocity model. The method works only for locally planar interfaces.
To extend Bóna's work to non-planar interfaces, we designed another pre-stack migration technique and the corresponding velocity analysis formulation in common source domain by calculation of the radius of the curvature of the reflected wave-front. The migration technique needs travel time, offset, horizontal slowness ( ) and the effective slowness ( ), which is the inverse of velocity. The velocity model requires first, second and the third derivatives of time with respect to offset in common source domain. We use plane wave destructor (Fomel, 2002 , Fomel et al., 2013 and numerical differentiation (Schlicher, 2009 , Bóna, 2011 , Casasanta and Fomel, 2011 , to calculate the derivatives.
METHOD
Considering Figure 1 , we begin with double square root function to find the general velocity-less migration equations;
This equation describes the two way travel time of seismic diffractions/reflections in a homogeneous medium (Claerbout, 1985) . ( ), ( ) and ( ) are the corresponding coordinates of the seismic source, receiver and the reflection/diffraction point, respectively (Figure 1) . and denote the effective slowness and the horizontal slowness in common source domain. In this method, shot gathers are independent from each other. Therefore, we can switch the x coordinate of the point source to zero to simplify the equation. For simplicity, we can also assume that the z coordinates of the source and receivers are zero as well ( ). Considering these notes, we derived the following migration equations. 
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The migration equations require h, t, p 1 and p as the input variables. Therefore, knowing the effective slowness of the medium (p) is necessary to use the above expressions. It is possible to find the effective slowness by measuring the curvature of the reflected wave-front. To obtain the above equatione, we did not consider any specific shape for the reflector. It is worth noting that the migration equations derived by Bóna (2011) , leads to the same results.
According to Gaussian theory and Snell's law, the location of the image of the source (s') is independent from the location of observer (h=x) (Reitz and Milford, 1964, Pedrotti, 1987) . This location is fixed between the reflective surface and the relevant focus for a circular interface. Based on these laws, we derived the following velocity equation by calculating the radius of the curvature of seismic reflected wave-front and by differentiating the spatial coordinates of the image source (x s' , z s' ).
where p, p 1 , p 2 and p 3 show the effective slowness, first, second and the third derivative of travel time with respect to offset, respectively. The theoretical benefit of this approach over some previous techniques is that no assumption has been made about the shape of geological interface to derive the velocity formula. Furthermore, the independence of the velocity equation from offset, two way travel time and in general the shape of the seismic ray path can be considered as another advantage. Inhomogeneity can be located along the ray path, from source to reflection point and from reflection point to the receivers ( Figure 2 ). As can be seen in Figure ( 2), the velocity estimations and corresponding migration does not depend on the ray path from the source to receivers. This property makes this method well suited for passive seismic and global seismology, where we often do not know the location and timing of the source. Since the method relies only on the knowledge of the travel time and its derivatives at one point, we can use the method in anisotropic media, where the velocity changes with direction.
The most challenging part of the method is the estimation of the derivatives, specifically when we want to use numerical differentiation to find the third derivative. 
EXAMPLES
To demonstrate the properties of the proposed migration, we first consider a synthetic shot record of a horizontal interface. In the next example, we used the algorithm to migrate synthetic data generated by finite difference modelling package, TESSERAL PRO. The data is generated by acoustic modelling for the velocity model shown in Figure 5 . Table 1 indicates the acquisition parameters that we used to generate the synthetic records. To apply the migration technique, first, the following attributes must be measured to obtain the migration velocity/slowness in each typical point in a shot gather:
-Horizontal slope -Apparent curvature -Third derivative of time with respect to offset
We measured the horizontal slopes using Schlicher's technique proposed in 2009. Numerical differentiation (Bóna, 2011, Casasanta and Fomel, 2011 ) is used to calculate the apparent curvatures and to estimate the third derivatives, we formulate the numerical differentiation using the straight forward application of chain rule. The relevant formula for the third derivative calculation is given by (6) In our experience, plane wave destructor technique (Fomel, 2002 , Fomel et al., 2013 gives more accurate results for the slope estimation that leads to more precise measurements for the second and the third derivatives. However, it is time consuming in comparison to Schlicher's technique. That was the main reason for us to use the technique.
In the proposed pre-stack time migration technique, we migrate the data in each shot record followed by stacking the migration results to obtain the final image and stack section.
Figures (6) and (7) show the first shot record and the corresponding migrated section, respectively. As can be seen in Figure 7 , the reflectors are well imaged and the direct wave is migrated to the surface. Figure 8 indicates the stack section resulted by the combination of all 301 migrated shot records. The migration noise is caused by the uncertainties of the derivative's estimations, specifically the third derivative. Numerical differentiation is a fast technique to calculate the attributes, the first and second and the third derivatives of time with respect to offset, but problems occur during differentiation in the offset direction, in the presence of spatial aliasing. Semblance is another alternative for finding the derivatives which is more accurate than numerical differentiation but is also more time-consuming. The whole attributes calculation using numerical differentiation and migration procedure for 301 shot gathers took less than a minute by a standard desktop computer. On the other hand, it takes around 1-2 hours to estimate the local curvatures for just one shot record for semblance analysis using the same computer.
CONCLUSIONS
In this abstract, we introduced a migration algorithm that is applicable on a variety of geological structures. A velocity function obtained by estimating the curvature of the reflected wave-front. The velocity equation, theoretically, can be considered as the generalized velocity formula of some previous techniques (e.g. Cooke et al., 2009 and Bóna, 2011) .
As it was shown, the equation was independent from offset, travel-time and depth. The potential advantage of the model is its applicability to anisotropic media, passive seismology and earthquake seismology. We have also demonstrated the velocity and migration equations with two examples. The main difficulty is to calculate the third derivative of time with respect to offset. Finding a robust algorithm to estimate the third derivative is part of future work.
